a r t i c l e i n f o for the enteric parasite Cryptosporidium, which is an important cause of gastritis in both humans and ani-37 mals. Two loci were analysed (18S rRNA and actin) using a range of Cryptosporidium DNA templates, 38 including recombinant plasmids, purified haemocytometer-counted oocysts, commercial flow cytome- The protozoan parasite Cryptosporidium is an important cause of 61 enteric disease worldwide (Xiao, 2010) and is increasingly recogni-62 sed as one of the major causes of moderate to severe diarrhoea in 63 developing countries (Kotloff et al., 2013) . After rotavirus, sporidiosis is the second greatest cause of diarrhoea and death in 65 children (Striepen, 2013) . It is transmitted via the faecal oral route, 66 with large amounts of Cryptosporidium oocysts excreted by 67 infected individuals (10 5 to 10 9 oocysts/gram of stool) (Chappell 68 et al., 2006) . The parasite is a significant threat to water utilities 69 as it has a low infectious dose (10-100 oocysts), is able to survive 70 for long periods in the environment and is resistant to drinking 71 water disinfectants (Fayer, 2004 where the signal increases above background (Hindson et al., 87 2011; Baker, 2012) . qPCR enables detection and quantitation of 88 the target nucleotide sequences, initially present in the reaction 89 mixture, down to one or a few copies (Rački et al., 2014) .
90
A variety of qPCR-based assays have been developed for enu-91 meration of Cryptosporidium oocysts in faecal, sewage and water 92 samples (e.g. Masago et al., 2006; Alonso et al., 2011; Hadfield 93 et al., 2011; Loganthan et al., 2012; Rolando et al., 2012; Mary 94 et al., 2013; Yang et al., 2013 Yang et al., , 2014 in-turn, the accuracy and precision of this technique (Skotarczak, 102 2009; Hindson et al., 2011; Roberts et al., 2013) .
103
Droplet digital PCR (ddPCR) (Hindson et al., 2011; Pinheiro 104 et al., 2012) would be by conventional qPCR platforms (Vincent et al., 2010) .
129
In addition, preliminary studies seem to suggest that ddPCR is 130 robust against many of the factors that can negatively influence 131 conventional PCR (Dingle et al., 2013) , because the DNA template, 132 when confined, is sequestered from cross-reacting DNA templates 133 and inhibitory moieties (Nakano et al., 2003) .
134
In light of these potential advantages, ddPCR is attracting con- fixed paraffin embedded (FFPE) breast cancer samples (Heredia 141 et al., 2013) . ddPCR has also shown its potential utility in the char-142 acterisation of the temporal dynamics of microbial populations in 143 complex soil environments (Kim et al., 2014) and in the accurate 144 quantification of DNA (Dong et al., 2014 The oocysts were purified using a Ficoll density gradient extraction 187 as previously described (Meloni and Thompson, 1996) . Purified (10,000g) in a bench-top microcentrifuge (500,000 oocysts total).
195
The supernatant was carefully removed via aspiration. Thereafter, to obtain the equivalent of 20, 10, 5 and 2.5 oocysts/ll (Tables 1   215 and 2). exclude the occurrence of contaminating Cryptosporidium-specific a Actual measured concentrations as determined by cycle threshold (Ct) values were adjusted for inaccuracies of spectrophotometer readings, pipetting errors and DNA extraction efficiency as determined by ddPCR (i.e. for recombinant plasmids the difference between the nominal input and the ddPCR readings were $48% and 29% for the 18S rRNA and actin loci, respectively. For haemocytometer-counted oocysts, the difference was $60% and 61% for the 18S rRNA and actin loci, respectively, and for flowcytometry counted oocysts, the difference was 25% and 28% for the 18S and actin loci, respectively). Therefore the qPCR data was revised down by these percentages.
Table 2
Pairwise ratios between droplet digital PCR (ddPCR) and quantitative PCR (qPCR) and between the two loci (actin and 18S rRNA) for corrected qPCR data when applied to recombinant plasmids carrying Cryptosporidium parvum 18S rRNA and actin gene fragments, and DNA extracted from C. parvum haemocytometer-counted oocysts and flow cytometry-counted oocysts. Numbers in bold represent highest and lowest values within their respective column. a qPCR data was revised down by 48% and 29% for the Cryptosporidium 18S rRNA and actin loci, respectively, based on previous corrections for the recombinant plasmid standards which were used to calibrate the qPCR (Table 1) . Correlation analyses were then conducted on the DNA from three sample sources (hosts), to estimate the relationships between the two loci and PCR techniques.
Table 4
Pairwise ratios between the techniques (droplet digital PCR (ddPCR) and quantitative PCR (qPCR)) and between the two loci (actin and 18S rRNA) for corrected qPCR data when applied to the Cryptosporidium-positive faecal DNA preparations (n = 18) used in this study. Numbers in bold represent highest and lowest values within their respective column. were similar (Fig. 1B) . In the case of ddPCR, the precision decreased 324 as DNA concentration decreased (Fig. 1) 6.2% to 8.6% for qPCR at the same locus (Fig. 1A) . However, these 327 differences were not significant. and actin loci to account for this (Tables 1 and 2 ).
pGEMT plasmid copy number per microlitre of DNA Mean percentage of RSD (Reynolds et al., 1999) , the DNA extraction efficiency (based on 375 18S rRNA ddPCR) was higher and was on average 75% and 72% at 376 the 18S and actin loci, respectively (Table 2 ). Therefore at a nomi-377 nal oocyst count of five oocysts/reaction, the adjusted qPCR read-378 ings were 3.5 and 4.0 oocysts, respectively (Table 1) .
379
A pairwise analysis of the ratios between the techniques (ddPCR 380 and qPCR) and between the two loci (18S rRNA and actin) revealed 381 that overall the techniques compared well but there were some 382 discrepancies (Table 2) . For the techniques, the range was 0.53-383 1.26, demonstrating that for most samples, qPCR provided higher 384 estimates. For the two loci, the range was 0.76-1.64, but the aver-385 age ratios were close to one for both loci. shown to be more reliable (Reynolds et al., 1999 for both loci with the exception of human isolate HC05 (Table 3) .
526
This discrepancy has previously been reported for Cytomegalovirus 527 in samples of human plasma (Hayden et al., 2013 Note costs for qPCR include costs for standard curve samples. Labour fee (AUD 40.00/h) has been calculated based on actual hands-on time (excluding incubations and run times). For both methods, calculations were based on positive controls, NTCs and samples run in duplicate. Positive controls for ddPCR were in also duplicate but for generating the qPCR standard curves five dilutions, each in duplicate, were considered. Thus, for one sample only, the minimum number of reactions were n = 6 for ddPCR and n = 14 for qPCR. reported in other studies (Hindson et al., 2013; Strain et al., 2013) .
545
In our hands, the direct costs (including labour) of the current 546 QX100 ddPCR system was $AUD 
